African American (AA) women have poorer breast cancer survival compared to Caucasian American (CA) women. The purpose of this analysis was to determine whether socioeconomic status (SES) and treatment differences influence racial differences in breast cancer survival. The study population included 9,321 women (82% CA, 18% AA) diagnosed with local (63%) or regional (37%) stage disease between 1988 and 1992, identified through the Metropolitan Detroit SEER registry. Data on SES were obtained through linkage with the 1990 Census of Population and Housing Summary Tape and cases were geocoded to census block groups. Pathology, treatment and survival data were obtained through SEER. Cox proportional hazards models were used to compare survival for AA versus CA women after adjusting for age, SES, tumor size, number of involved lymph nodes, and treatment. AA women were more likely to live in a geographic area classified as working poor than were CA women (p<0.001). AA women were less likely to have lumpectomy and radiation and more likely to have mastectomy with radiation (p<0.001). After multivariable adjusted analysis, there were no significant racial differences in survival among women with local stage disease, although AA women with regional stage disease had persistent but attenuated poorer survival compared to CA women. After adjusting for known clinical and SES predictors of survival, AA and CA women who are diagnosed with local disease demonstrate similar overall and breast cancer-specific survival, while race continues to have an independent effect among women presenting at a later stage of disease.
Introduction
Although breast cancer (BC) incidence rates are higher among Caucasian American (CA) women than African American (AA) women in the U.S. [1] , mortality from breast cancer is higher among AA women [2] . A number of population-based studies using Surveillance Epidemiology and End Results (SEER) registry data [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] as well as studies of populations from hospitals and health care systems [14] [15] [16] [17] [18] [19] , have shown worse prognostic features and lower survival rates for AA and other ethnic minority women with BC compared with CA women. At least some of the reported racial differences in survival could be accounted for by either socioeconomic differences [3, 5, 12, 13, [18] [19] [20] [21] and or differences in access to medical care or poor quality care [7] [8] [9] 11, 15, 22] . In a recently published analysis of AA and CA female breast cancer patients treated at a single large comprehensive cancer center in Detroit, no measurable racial differences in treatments were found, and multivariate adjusted analysis revealed no racial differences in disease free or overall survival [14] . The results of this latter study suggest that equal access to treatment results in equal outcomes.
We previously reported on racial differences in breast cancer survival in the Detroit Metropolitan area [3, 22] showing a significant interaction between age at diagnosis and race. The current report updates our previous work by nearly doubling the period of follow-up, taking into account differences in cancer directed treatment and using a more refined measure of socioeconomic status (SES) [23] . We confined the current analysis to women diagnosed with either local or regional stage disease since in this and previous analyses [3] we found no racial differences in survival among women presenting with distant disease.
Methods

Population for analysis
The study population consisted of women diagnosed with a first primary invasive breast cancer (International Classification of Diseases for Oncology ICD-O codes C 50.0 to C 50.9) [24] from 1988 through 1992, identified through the population-based Metropolitan Detroit Cancer Surveillance System (MDCSS). The MDCSS is one of 7 founding members of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program, which was initiated in 1973 [2] . For the current analysis we included women with either local or regional stage disease as defined by the SEER program. Localized stage includes invasive carcinoma confined to the breast. Regional stage includes invasive carcinoma spread beyond the breast, either by direct extension or to regional lymph nodes [25] . All women in the analysis were residents of the tri-county Detroit metropolitan area (Wayne, Oakland and Macomb counties) at the time of diagnosis. Women whose only documentation of BC was by death certificate were not included.
From 1988 to 1992 there were 10,314 incident cases of female invasive breast cancer diagnosed in the Detroit metropolitan area. We excluded 717 (6.95%) women from our analysis with distant (metastatic) disease at diagnosis because survival was similarly poor for both racial groups in our preliminary analyses. There were an additional 276 (2.67%) women excluded for whom tumor size could not be classified because there was either no mass identified, only microscopic tumor foci were noted, Paget's disease or inflammatory breast cancer were diagnosed. The population for analysis consisted of 9321 women: 7641 (82.0%) were classified in the SEER registry as CA and 1680 (18.0%) were classified as AA.
Measurement of variables
Medical and demographic data were obtained by the MDCSS on incident BC cases from all area facilities that provide medical care including hospitals, radiation therapy facilities, and private laboratories. Demographic data collected included age at diagnosis and race (AA or CA). Using address at diagnosis, the SES Group variable was developed through a geo-coding process that first assigned a census block-group number, as previously described [26] . Aggregate socioeconomic data specific to census block-groups were obtained from the 1990 U.S. Census of Population and Housing Summary Tape File 3A [27] . The variables and codes used to calculate the SES Group for each census block were occupation (P078), poverty status in 1989 (P119), educational attainment (P057), and age (P013).
The U.S. Census Bureau uses 13 occupational categories of which five are defined as ''professional'' occupations and the remaining 8 are identified as ''working class'' occupations. Working class blockgroups were defined as those areas in which 66% or more of employed persons in that particular blockgroup reported a working class occupation, such as administrative support or laborer. Professional blockgroups were defined as those areas where 34% or more of employed persons had supervisory or executive positions. Poor block-groups had 20% or more of the population below poverty level, defined as an income of $12,674 for family of four in 1990. Educational status was used to classify block-groups as either educated, in which 75% or more of persons age 25 years and older had completed at least a high school education, or undereducated block groups.
The SES Groups for this analysis were computed for each woman according to the method of Krieger et al. [28] . Women were initially assigned to one of eight SES Groups which included: (1) Working, Poor, Undereducated, (2) Working, Poor, Educated, (3) Working, Non-poor, Undereducated, (4) Working, Non-poor, Educated, (5) Professional, Poor, Undereducated, (6) Professional, Poor, Educated, (7) Professional, Nonpoor, Undereducated, and (8) Professional, Non-poor, Educated. Due to small numbers of cases in some groups, we collapsed cases into four mutually exclusive SES categories: (1) Working, Poor (WP); (2) Working, Non-poor, Undereducated (WNP-UE); (3) Working, Non-poor, Educated (WNP-E); and (4) Professional (P).
Clinical data included registry stage (as defined above), tumor size, number of involved axillary lymph nodes, histological grade, and hormone receptor status (estrogen receptor status (ER) and/or progesterone receptor (PR)). Information was collected on breast cancer directed therapy from the SEER ''first course of treatment'' variable. Treatment categories included lumpectomy or mastectomy with or without radiation therapy. Information on the administration of chemoor hormonal therapy was not included in this analysis because these treatments are often administered outside the facilities where SEER data are collected, and are thereby known to be incomplete.
Follow-up of all patients through June 2002 occurred by record linkage to hospital tumor registries, physician contacts, hospices, voting records, driver's license records, death certificates and review of obituaries [2] . Overall survival (measured in months) was calculated as the interval between date of diagnosis and date of last follow-up (censored observations) or death from any cause. We analyzed both overall survival and breast cancer specific survival. By the end of the study period, 3822 deaths had occurred, with 3001 deaths among CA women (39.3% of all CA women) and 821 deaths among AA women (48.9% of all AA women). Breast cancer was listed on death certificate as the underlying cause of death for 1,812 of the women who had died. This included 1359 deaths from breast cancer among CA women (17.8% of all CA women) and 453 BC deaths among AA women (27% of all AA women).
Design and analysis
Mantel-Haenszel chi-square statistics were used to compare the distributions of demographic and clinical characteristics in the two racial groups studied. (Table 1 ) [29] . Cox proportional hazards regression was used to estimate the hazard ratio (HR, 95% CI) of death from any cause, as well as breast cancer specific deaths, in AA women compared to CA women while controlling for appropriate covariates [30] . Survival analyses were stratified by SEER registry stage (local or regional stage) of disease. Independent variables used in the multivariable Cox model included race (AA vs. CA), age at diagnosis (£ 50 vs. >50), SES group (WP, WNP-UE, WNP-E, P) tumor size (£ 2 cm, 2.1-5 cm, >5 cm) lymph node involvement (0, 1-3, 4-9, ‡10) and cancer-directed treatment (lumpectomy, lumpectomy + radiation, mastectomy, mastectomy + radiation). Tumor grade and hormone receptor status were not included in the multivariable model because of the large proportion of missing data (over 50%) for these variables. Potential interactions between race and other independent variables were assessed and the statistical significance of WP-working poor; WNP-UE-working, non-poor, undereducated; WNP-E-working, non-poor, educated; P-professional.
interaction terms was evaluated using likelihood ratio tests.
Results
Demographic and clinical characteristics of the study cohort stratified by race are listed in Table 1 . The mean age at diagnosis was 61 years (range 17-104) and the median period of follow-up was 97 months (maximum 154). There were statistically significant differences between AA and CA for all of the independent variables listed in the table. AA women were more likely than CA to be younger at diagnosis with 33% of AA women diagnosed at age 50 or younger compared to 24% of CA women (p<0.001). AA women were more likely to reside in a census area that had a higher proportion of individuals categorized as WP and a lower proportion categorized as P. At the time of diagnosis, 62% of AA women resided in a WP census block while only 19% of AA patients resided in P census block. In contrast, 8% of CA women resided in a WP block, and 46% resided in a P block (p<0.001). AA women were also more likely than CA women to have more advanced stage tumors at diagnosis. AA women were more likely to present with larger diameter tumors (almost twice as many AA vs. CA had tumors greater than 5 cm in greatest diameter, p<0.001) and were also more likely to present with axillary lymph nodes that were involved with cancer (36% of AA compared with 31% of CA, p<0.001). A greater proportion of AA women had poorly differentiated tumors (26% vs. 16% p<0.001), and a greater proportion of tumors among AA women were either ER negative (17% vs. 9% p<0.001) or PR negative (20% vs. 14% p<0.001).
In regards to treatment, AA women were more likely than CA women to have had a mastectomy (69% vs. 66% p<0.001) and less likely to have had lumpectomy (29% vs. 32% p<0.001) with the greatest percentage difference by race seen among women who received both lumpectomy and radiation therapy (18% for AA vs. 22% for CA p<0.001).
The results of multivariable models of racial differences in overall survival are stratified by SEER registry stage ( Table 2) . Each model provides the unadjusted hazard ration (HR) for race and the adjusted HR controlling for age, SES group, tumor size, axillary lymph node involvement and treatment. By definition, whether or not axillary lymph nodes were involved was not applicable for patients with local stage disease. While the unadjusted HR (95% CI) of death for AA compared to CA ( There were no significant differences in overall survival by treatment group for either local or regional stage disease.
The results of multivariable models of racial differences in breast cancer specific survival stratified by SEER registry stage are shown in Table 3 . Multivariable adjustment resulted in non-significant differences in survival for AA vs. CA women with local stage disease HR (95% CI) 1.03 (0.77-1.37). However, among women with regional stage disease, AA women continued to have significantly worse breast cancer specific survival compared to CA (HR (95% CI) 1.40 (1.18-1.66). In these models, age was not a significant predictor of survival, and while women who resided in a census block group categorized as either WP, or WP-UE had worse survival than women living in a P census block group, these differences were not statistically significant. Tumor size and lymph node status were again significant predictors of survival. There were no overall significant differences by treatment for regional stage disease. However, women treated with mastectomy and radiation therapy for local stage disease had worse outcome compared to women who had lumpectomy alone (HR 2.66, 95% CI 1.36-5.18).
Discussion
The disproportionately higher mortality rates experienced by AA women compared to CA women with breast cancer [2, 31] , accompanied by lower incidence rates except for women in the youngest age groups [1] , is a matter of significant public health concern. The degree and extent to which differences in incidence and survival can be explained by inherent racial differences in tumor biology, and/or by factors associated with access to care, is an issue that is currently being debated [31, 32] . The result of this survival analysis of AA and CA women with breast cancer from the Detroit metropolitan area represents an update of an earlier analysis in which we noted an interaction between race and age, with AA women who were less than age 50 at diagnosis having worse survival experiences compared to CA women than their older counterparts.
In this report, we extended the period of follow-up from a prior maximum of 78 months [3] , to 154 months, almost double the prior time period. We assessed both overall and disease specific survival, and also looked at the effect of SES on survival by incorporating a more refined measure of SES than we had used previously [3] . The current analyses show that AA women were more likely than CA women to reside in economically disadvantaged census areas, and more likely to present with more advanced breast cancer at the time of diagnosis. In addition, AA women were less likely to have had lumpectomy alone, or lumpectomy and radiation, and were more likely to have had mastectomy than CA women. Unadjusted survival analysis showed worse overall and disease specific survival for AA women, although after adjustment for common prognostic characteristics, SES, and treatment, racial differences in both overall and disease specific survival were no longer apparent for women diagnosed with local stage disease. Differences in survival by race for women with regional stage disease persisted, but were attenuated in the multivariable models.
Several previous reports have looked at the effects of SES and access to care on racial differences in breast cancer survival [3, 5, [7] [8] [9] [11] [12] [13] 15, [18] [19] [20] [21] [22] . Using SEER data for the years 1992 through 1998, Li et al [11] showed that AA and other ethnic minority women were less likely than CA women to receive a first course of surgical and radiation treatment that met current standards of care. In another SEER based analysis, AA women were similarly shown to be less likely to receive breast radiotherapy [8] . In two prior reports of treatment utilization using the Detroit SEER registry, we found that AA women were less likely to undergo lumpectomy and radiation therapy [33] , or lumpectomy alone [22] which is consistent with our current results. In the current report AA women were more likely to need radiation following mastectomy which is likely indicative of more advanced disease. It is of interest that when assessed on a population basis, there appears to be disparity in treatment utilization, though a recent report of treatment utilization at a single NCI-designated comprehensive cancer center in Detroit revealed no racial differences in the utilization of surgery, radiation therapy, chemotherapy or hormonal therapy for breast cancer [14] . These latter results imply that when women are exposed to state-of-the-art treatment that racial differences in utilization of treatment are no longer evident.
Other investigators have shown that access to care and other sociodemographic factors account at times for a large component of the noted survival differences between AA and CA women with breast cancer. Chu et al. found racial differences in survival for younger women compared with women aged 65 and older, concluding that access to Medicare (which covered treatment costs) allowed for better survival among older women with breast cancer [9] . Adjustment for either prior mammography [15] , treatment [8] or SES [3, 5, 13, 18, 20, 21] has accounted for a significant component of racial/ethnic differences in breast cancer survival in other studies. Because SES is known to be a significant predictor of stage at diagnosis [26] , and stage at diagnosis is a strong predictor of survival, it is not surprising that we found an attenuation of racial differences after adjustment for SES. As suggested by others, our results indicate that known prognostic and predictive factors as well as SES account for at least some of the racial differences in survival seen among women with breast cancer in the Detroit metropolitan area.
The strengths of analyzing SEER registry data derive from the population-based data, the large number of cases, and the long period of follow-up. Weaknesses include missing data for some clinical variables and the fact that socioeconomic status, as derived from grouped census data, represents only a surrogate rather than an actual measure of individual socioeconomic status. On the other hand, some have argued that neighborhood SES also functions as a predictor of access to care [23] . Further research is needed to better quantify SES and to determine interventions at the community level which might have an impact on racial and SES differences in cancer mortality.
This report adds to the growing volume of data documenting racial inequity in cancer diagnosis, treatment and survival. While debate continues as to the relative degree in which biologic differences vs. access to care impact racial differences in survival, our results as well as others highlight the effect of SES on breast cancer survival. It is incumbent on the health care profession to help find solutions to inequities in access to care in our society. Mammographic screening should be accessible to all eligible women in order to eliminate the well described gap in stage at breast cancer presentation for AA and CA women.
